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to the appearance of Mg-Cu liquid at low sintering temperature before Mg melting.
On the other hand, Cu addition also introduced more MgCu 2 impurity, leading to a relatively lower critical current density on the whole. Interestingly, the critical current density of the Cu doped sample sintered at 800 o C is surprisingly enhanced at the low field, compared with that of the corresponding un-doped one. This is due to the peritectic reaction which generated small-sized MgCu 2 occurred that at 800
Introduction
The superconductivity of MgB 2 below 39 K has been discovered and widely investigated since 2001 [1] . MgB 2 attracted lots of attention because of its simple crystal structure, large coherence length, relatively high critical current density, and transparency of the grain boundaries. During the development for more than 10 years, MgB 2 has been fabricated [2] [3] [4] [5] [6] [7] [8] [9] [10] into bulks, single crystals, thin films, tapes and wires.
Such basic properties and preparation techniques allow MgB 2 to be apromising material for both large-scale applications and electronic devices. Controllable thermonuclear fusion is the ultimate ideal of mankind energy. Using high temperature magnetic field constraint of Tokamak plasma is considered to be the most likely device to realize the controlled thermonuclear fusion reaction [11] . Nowadays the applied of Nb-based superconducting wires, the decay time of induced radioactivity takes too long, and it costs much time to cool down. [16] [17] , which showed obvious differences in contrast with the traditional MgB 2 wire, and the critical current density exhibits lower than the traditional MgB 2 [17] . Few studies have addressed on the sintering mechanism, transporting properties and neutron irradiation impacting of the Mg 11 B 2 wires, and a further research is required.
For this reason, the research of the sintering mechanism and improving the critical current density has been discussed in present study. In this study pure 11 B was used as the raw material instead of natural B, with the purpose of solving the Tokamak plasma problem in controllable thermonuclear fusion. Besides the un-doped samples, we also investigated the sintering process and the phase formation for Cu-doped samples through thermal analysis, phase identification and microstructure observation. Combined with the measurement of the critical current density, the effects of the element 11 B are concluded.
Experimental details
The samples of un-doped Mg 11 B 2 and Mg 
Results and discussion
To acquire thermodynamics for the entire sintering process, the recorded DSC curves for the un-doped and Cu-doped Mg 11 B 2 samples during the heating stage are shown in Fig. 1 . The reference MgB 2 is prepared using natural boron powder. Three peaks are recognized from the curves, and they are in sequence corresponded to Table 1 which is easy to compare. The critical temperature of un-doped and Cu-doped samples is lower than the normal MgB 2 due to the isotope effect of superconductor. Though not obviously, the critical temperature of all the samples is above 35K which still meets the actual needs of practical applications. Thereinto, the Cu-doped sample sintered at 800 o C showed the T c abnormally higher than the others, which should be attributed to the high-quality MgB 2 generated from the peritectic reaction. Besides, the transition width, ΔT, which means the interval between T c, onset
and T c, end , decreased with the increasing sintering temperature. The high critical temperature and sharp transition width indicate that the samples are of high crystallinity and homogeneity. It is suggested that the generated Mg-Cu(l) increased the uniformity of Cu-doped samples. As far as the Cu-doped samples sintered at 800 o C, the highest T c and the sharpest transition is mostly due to that peritectic reaction promoted Cu element to distribute homogeneously.
The critical current density (J c ) and the irreversible field (H irr ) of samples is illustrated in Fig.8 lower J c than the un-doped samples because Cu addition generated more impurity phase, which led to less superconducting phase [24] and weaker connectivity among the grains. However, it is noticed that the Cu-doped sample sintered at 800 o C exhibited higher J c than the un-doped one sintered at the same temperature, owing to the peritectic reaction that brought homogeneously distributed impurity. From the results above, it is referred that slightly Cu addition has positive effects on the crystallinity and homogeneity, and 800 o C is an appropriate sintering temperature for improving the low-field J c for the Mg 11 B 2 samples.
Conclusions
In summary, we had synthesized the un- wt.% Cu samples at 20K. The reference MgB 2 is made from normal boron [20] . 
